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SPECIFICATION 

To All Whom It May Concern: 

Be It Known That I, Yunxiang Zhu, a citizen of China, resident of the City of 
Framingham, State of Massachusetts, whose post office address is 14 Temple Street, 
Apt. 4B, Framingham, Massachusetts 01702, have invented new and useful 
improvements in 

METHODS FOR INTRODUCING MANNOSE 6-PHOSPHATE AND OTHER 
OLIGOSACHARIDES ONTO GLYCOPROTEINS AND ITS APPLICATION THEREOF 
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METHODS FOR INTRODUCING MANNOSE 6-PHOSPHATE AND OTHER 
OLIGOSACCHARIDES ONTO GLYCOPROTEINS AND ITS APPLICATION THEREOF 

This application hereby claims the benefit of U.S. provisional patent application 
no. 60/263,078, filed January 18, 2001, which is herein incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates in general to methods for introducing new 
oligosaccarides to glycoproteins, and more specifically, to novel methods for 
conjugating highly phosphorylated mannopyranosyl oligosaccharide derivatives to 
glycoproteins to form compounds containing mannose-6-phosphate (M6P) for use in 
medical methods of treatment, and to the compounds thereby produced. 

Carbohydrates on glycoproteins play important biological functions in bio- 
organisms. Well-characterized examples include the selectin-carbohydrate interaction 
involved in intercellular cell adhesion and sperm/egg interaction (see, e.g., C.G. 
Gahmberg et al., 27 APMIS Suppl. 39, (1992)), and the mannose 6-phosphate (M6P) 
dependent lysosomal enzyme targeting pathway {see, e.g., S. Kornfeld and I. Mellman, 
5 Annual Review of Cell Biology 483 (1989)). To facilitate study of the complex 
functions of carbohydrate structures on glycoproteins, both enzymatic and chemical 
methods have been developed to remove the carbohydrate glycans from glycoproteins 
for analysis. A variety of conjugation methods have also been developed to conjugate 
defined carbohydrates to proteins and then analyze their possible biological functions. 
The most commonly used conjugation approach involves the use of omega-amino 
groups of lysine residues. Reactions of amino groups of proteins with compounds such 
as N-hydroxysuccinimide ester or isothiocyanate derivatives are widely used. 
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Reductive amination, on the other hand, is most commonly used for carbohydrate 
conjugation to proteins. For example, in the analysis of lysosomal enzyme targeting, 
coupling of M6P or phosphopentamannose to bovine serum albumin has been achieved 
through reductive amination (H. Tomoda et al., 213 Carbohydr. Res. 37 (1991); T. 
Baba et al., 177 Carbohydr. Res. 163 (1988)), leading to significant insights regarding 
the M6P receptor binding to lysosomal enzymes through these M6P conjugated 
glycoproteins. Reductive amination involves covalently linking the reducing ends of 
oligosaccharides to amino acid residues in proteins containing free amines (such as 
lysines), to first form unstable Schiff bases which are then reduced by cyanoborohydride 
to stable imine bonds. 

However, these known conjugation methods are limited in that they are not 
specific in terms of the amino acid residues involved, and require the direct linkage of 
chemical conjugates or carbohydrates to amino acid residues, which may cause a 
change in protein conformation and destroy the biological activity of proteins. For 
example, when antibody IgG is coupled to various chemical conjugates through amino 
acid groups, the antibody IgG often loses its immunological activity (D.J. O'Shannessy 
and R.H. Quarles, 7 J. of Appl. Biochem. 347, (1985); T.I. Ghose et al., 93 Methods in 
Enzymology 280 (1983)). In addition, reductive amination requires high pH and a 
reductive reagent that may also reduce any disulfide bonds in a protein, thus potentially 
destroying biological activity. 

A more specific approach to introduce certain chemical conjugates onto 
glycoproteins has been described and involves covalent bond formation between 
carbonyl (aldehyde) groups generated by mild oxidation of carbohydrates with periodate 
or galactose oxidase (G. Avigad et al., 237 J. Biol. Chem. 2736(1962)) and chemical 
compounds containing carbonyl-reactive groups. This approach has been used for in 
vitro attachment of mono- and oligosacharides to cell surface glycoconjugates of living 
cells with glycosylhydrazines (M. Tolvanen and C.G. Gahmberg, 261(2) J. Biol. Chem. 
9546 (1986); C.G. Gahmberg and M. Tolvanen, 230 Methods in Enzymology 32 
(1994)). Other applications include conjugation of biotin or avidin to glycoproteins with 
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biotin-hydrazide or avidin-hydrazide (Bayer et al., 161 Analytical Biochemistry 123 
(1987); Bayer et al., 170 Analytical Biochemistry 271 (1988); M. Wilchek and E.A. 
Bayer, 128 Methods in Enzymology 429 (1987)), antibody IgG conjugation for 
immunodetection (O'Shannessy et al., 8 Immunology Letters 273 (1984); (D.J. 
O'Shannessy and R.H. Quarles, 7 J. of Appl. Biochem. 347, (1985)) and cancer 
immunotherapy (J. Singh Kralovec et al., 29 Cancer Immunology Therapy 293 (1989); 
G. R. Braslawsky et al., 33 Cancer Immunology Therapy 367 (1991)). In these 
examples, the glycoproteins are treated by mild oxidation with periodate to generate 
aldehyde groups that then react with hydrazide derivatives. One advantage of this 
approach for conjugation is that the linkage is through the carbohydrates on the 
glycoproteins instead of directly involving the protein backbone, thus avoiding 
inactivation of the glycoproteins' biological activity. Antibodies modified in such a way 
always retain activity (D.J. O'Shannessy et al., 8 Immunology Letters 273 (1984); D.J. 
O'Shannessy and R.H. Quarles, 7 J. of Appl. Biochem. 347, (1985)). In addition, both 
the oxidation and the covalent bond formation steps are nearly quantitative, and 
reaction conditions are very mild, thus helping retain the biological activity of the 
proteins. Retention of biological activity is critical when the modified glycoproteins are 
to be used for therapeutic purposes. 

Lysosomal storage disease describes a class of over 40 genetic disorders (see, 
e.g., Holton, J.B., The Inherited Metabolic Diseases 205-242 (2 nd ed. 1994); Scriver 
et al., 2 The Metabolic Basis of Inherited Disease (7 th ed. 1995)), each resulting from 
a deficiency of a particular lysosomal enzyme, usually as a result of genetic mutation. 
Lysosomal enzymes are required to break down protein, glycolipid and carbohydrate 
metabolites within the lysosomes of cells. When one or more of these enzymes are 
defective in affected individuals due to inherited mutations, lysosomes in cells of 
affected individuals accumulate a subset of undigested substrates, largely 
liposaccarides and carbohydrates as storage materials that are unable to be digested 
by the defective enzymes. For example, in Gaucher disease, deficiency of beta- 
glucocerebrosidase causes the accumulation of glucosylceramide; in Fabry disease, the 
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defective alpha-galactosidase A results in accumulation of globotriaosylceremide; in 
Pompe disease, lack of acid alpha-glucosidase causes accumulation of glycogen alpha 
1-4 linked oligosaccharides and in Tay-Sachs disease, deficiency of beta-N-acetyl- 
hexosaminidase leads to accumulation of GM2 ganglioside. Clinically, patients with 
these syndromes show a variety of symptoms associated with the accumulation of 
these storage material in the lysosomes, which eventually affect the normal function of 
the cells or tissues that result in dysfunction of organs within the human body. The 
severity of the disease varies with the residual enzyme activity, in severe cases, death 
can occur early in life. 

Lysosomal enzymes, like other secretory proteins, are synthesized and co- 
translationally translocated into the lumen of the endoplasmic reticulum, where post- 
translational carbohydrate modification occurs. However, while in transit through the 
Golgi, they are segregated from the other secretory proteins by specifically acquiring the 
M6P recognition marker generated by the sequential actions of two enzymes. The first 
enzyme, UDP-N-acetylglucosamine:Lysosomal-enzyme N-Acetylglucosamine-1- 
phosphotransferase, transfers the N-acetylglucosamine-1 -phosphate to one or more 
mannose residues on lysosomal enzymes to give rise to phophodiester intermediates, 
and the second enzyme, N-acetylglucosamine-1 -phosphodiester alpha-N- 
acetylglucosaminidase, removes the N-acetylglucosamine from the phosphodiester to 
expose the M6P. Once the lysosomal enzymes with the M6P recognition marker reach 
the trans-Golgi-network, they are recognized by two specific receptors, the cation- 
independent mannose 6-phosphate receptor (CI-MPR) and the cation-dependent 
mannose 6-phosphate receptor (CD-MPR). These receptors with their ligands of 
lysosomal enzymes are sequestered into clathrin-coated vesicles formed on the trans- 
Golgi network and transported to endosomes, where the lysosomal enzymes are 
dissociated from the receptors by the low pH in endosomes and eventually delivered to 
lysosomes. Some of the lysosomal enzymes are secreted, however, they are captured 
by binding to the CI-MPR on the cell surface and internalized by the AP-2 mediated 
clathrin-coated vesicles. Thus, the M6P dependent pathway is the main targeting 
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pathway for lysosomal enzymes, though the M6P independent targeting pathway has 
been proposed for a few lysosomal enzymes and in certain cell types (see Kornfeld and 
Mellman, supra). 

With the complete elucidation of the lysosomal enzyme targeting pathway and 
the discovery of lysosomal enzyme deficiencies as the primary cause of lysosomal 
storage diseases, attempts have been made to treat patients having lysosomal storage 
diseases by intravenous administration of the missing enzyme, i.e., enzyme 
replacement therapy, where the injected enzymes are expected to be taken up by target 
cells through receptor-mediated endocytosis and delivered to lysosomes. Animal 
models and some clinical trials of enzyme replacement therapy have offered positive 
results. However, for lysosomal diseases other than Gaucher disease, some evidence 
suggest that enzyme replacement therapy is most effective when the enzyme being 
administered has M6P, so that the enzymes can be taken up efficiently by the target 
cells through the cell surface associated CI-MPR-mediated endocytosis. Gaucher 
disease, caused by the deficiency of beta-glucocerebrosidase, is an exception because 
beta-glucocerebrosidase is among the few lysosomal enzymes that are targeted by the 
M6P independent pathway (see Kornfeld and Mellman, supra). Targeting of beta- 
glucocerebrosidase for Gaucher disease enzyme replacement therapy to macrophage 
cells is mediated by remodeling its carbohydrate to expose the core mannose, which 
binds to the mannose receptor on macrophage cell surface. 

While enzyme replacement therapy appears promising, supplies of the required 
enzymes are limited. Lysosomal enzymes can, in theory, be isolated from natural 
sources such as human placenta or other animal tissues. However, large-scale 
production of sufficient quantities of enzymes for therapeutic administration is difficult. 
Further, due to the degradation of carbohydrates in lysosomes, enzymes purified from 
tissues do not contain significant amounts of M6P. Alternative approaches include use 
of recombinant protein expression systems, facilitated by large-scale cell culture or 
fermentation. For example, lysosomal enzymes have been expressed in Chinese 
hamster ovary (CHO) cells (V.A. loannou et al., 119(5) J. Cell Biol. 1137 (1992); E.D. 
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Kakkis et al., 5 Protein Expression Purification 225 (1994)), insect cells (Y. Chen et 
al., 20(2) Protein Expr. Purif. 228, (2000)), and in transgenic animals or plants (A.G. 
Bijvoet et al., 8(12) Hum. Mol. Genet. 2145 (1999)). However, lysosomal enzymes 
purified from recombinant expression systems are also often not well phosphorylated 
and the extent of M6P phosphorylation varies considerably with different enzymes. 
Alpha-galactosidase A expressed in CHO cells contains about 20% of phosphorylated 
enzymes, but only 5% are bisphosphorylated, which is the high-uptake form (F. 
Matsuura et al., 8(4) Glycobiology 329 (1998)). Alpha-N-acetylglucosaminidase 
expressed in CHO cells is almost completely lacking M6P phosphorylation (K. Zhao and 
E. F. Neufeld, 19 Protein Expr. Purif. 202 (2000)). In addition, recombinant proteins 
expressed in plants, insect cells or the methotrophic yeast pichia pastoris do not have 
any M6P phosphorylation because such cells do not have the M6P targeting pathway. 

Lysosomal enzymes lacking in M6P phosphorylation compete poorly for 
receptor-mediated endocytic uptake by target cells and are thus of limited efficacy in 
enzyme replacement therapy. More specifically, poorly phosphorylated enzymes are 
effectively removed by the mannose receptor (M.E. Taylor et al., 252 Am. J. Physiol. 
E690 (1987)) and asiologlycoprotein receptor in liver (Ashwell and Harford, 51 Ann. 
Rev. Biochem 531 (1982)), which can remove most of any administered lysosomal 
enzymes within a very short period of time. 

Against this background, a strong need exists for improved, efficient approaches 
to phosphorylate lysosomal enzymes, and particularly for methods to modify lysosomal 
enzymes with M6P. In addition, a need exists for modifying lysosomal enzymes to a 
high-uptake, bisphosphorylated form. Such modified enzymes would be particularly 
useful for enhancing the efficacy of enzyme replacement therapy for lysosomal storage 
disease. 

BRIEF SUMMARY OF THE INVENTION 

Methods of creating neoglycoproteins are provided that increase the cellular 

uptake of lysosomal enzymes and other glycoproteins by covalently attaching 

7 

Express Mail No.: EL 747174683 US 



PATENT 

Attorney Docket No. ZHUY 08216 

oligosaccharide compositions to oxidized glycans of the glycoproteins through covalent 
bonds. 

Thus, in one embodiment, the present invention is directed toward a method for 
coupling a highly phosphorylated mannopyranosyl oligosaccharide compound to a 
glycoprotein having at least one glycan, the method comprising derivatizing the highly 
phosphorylated manopyrosanyl oligosaccharide compound with a chemical compound 
containing a carbonyl-reactive group; oxidizing the glycoprotein having the at least one 
glycan to generate at least one aldehyde group on the glycoprotein; and reacting the 
oxidized glycoprotein having at least one glycan with the derivatized highly 
phosphorylated mannopyranosyl oligosaccharide compound to form a new compound 
having a hydrazone bond. The glycoprotein in one embodiment is a lysosomal enzyme. 

In one embodiment of the methods, the highly phosphorylated mannopyranosyl 
oligosaccharide compound contains at least one mannose 6-phosphate group, such as 
a compound having the formula 6-P-M n -R wherein: 

M is a mannose or mannopyranosyl group; 

P is a phosphate group linked to the C-6 position of M; 

R comprises a chemical group containing at least one carbonyl-reactive group; 

and 

n is an integer from 1-15, wherein if n>1, M n are linked to one another by alpha 
(1,2), alpha (1,3), alpha (1,4), or alpha (1,6). Thus, the highly phosphorylated 
mannopyranosyl oligosaccharide compound includes compounds such as M6P, 
phosphopentamannose derived from Hansenula holstii O-phosphomannan, and 6-P-M- 
(alpha 1 ,2)-M(alpha 1,2)-M. 

In another embodiment of the methods, the highly phosphorylated 
mannopyranosyl oligosaccharide compound comprises a compound having the formula 
(6-P-M x ) m L n -R wherein: 

M is a mannose or mannopyranosyl group; 

L is a mannose or other hexose or other chemical groups; 

P is a phosphate group linked to the C-6 position of M; 
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R comprises a chemical group containing at least one carbonyl-reactive group; 
m is an integer from 2-3; 

n is an integer from 1-15, wherein if n>1, M n are linked to one another by alpha 
(1,2), alpha (1,3), alpha (1,4), or alpha (1,6); and 

x is an integer from 1-15. Thus, the highly phosphorylated mannopyranosyl 
oligosaccharide compound includes biantennary mannopyranosyl oligosaccharide 
compounds containing bis-M6P and triantennary mannopyranosyl oligosaccharide 
compounds containing bis-M6P or tri-M6P. 

In one embodiment of the methods, the highly phosphorylated mannopyranosyl 
oligosaccharide compound can be replaced with other oligosaccharide compositions 
containing terminal hexoses, such as, for example, a galactose, a mannose, N- 
acetylglucosamine, or a fucose, which can bind to different carbohydrate-binding 
receptors other than CI-MPR. 

In another embodiment of the methods, the chemical compound containing 
carbonyl-reactive group includes any compound that reacts with carbonyl groups to 
form a hydrazone bond. Such compounds include hydrazines, hydrazides, aminooxyls, 
and semicarbozides and the like. 

In addition, the methods further encompass reducing the compound having a 
hydrazone bond with a reducing agent such as cyanoborohydride to form a compound 
having an imine bond. 

The invention is further directed toward chemical compounds produced by 
coupling a first chemical compound having at least one carbonyl group (aldehyde or 
ketone) to a second chemical compound comprising a phosphorylated mannopyranosyl 
oligosaccharide derivative, according to the coupling methods described and herein, i.e. 
by derivatizing the highly phosphorylated manopyrosanyl oligosaccharide compound 
with a chemical compound containing a carbonyl-reactive group; and reacting to the first 
chemical compound having at least one carbonyl group with the derivatized highly 
phosphorylated mannopyranosyl oligosaccharide compound to form a new compound 
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having a hydrazone bond. Such compounds include antiviral compounds and gene 
targeting delivery agents. 

In another embodiment, the invention is directed toward methods of treating 
lysosomal storage disease in a subject in need thereof, the methods including 
administering to the subject an effective amount of a glycoprotein coupled according to 
the methods described herein to a second chemical compound comprising a highly 
phosphorylated mannopyranosyl oligosaccharide derivative containing at least one 
mannose 6-phosphate group. Lysosomal storage diseases that are treated with a 
glycoprotein modified according to the methods described herein include Fabry disease, 
Pompe disease, and others (for a complete list, see J.B. Holton, The Inherited 
Metabolic Diseases 205-242 (2d ed. 1994); C.R. Scriver et al, 1995, 2 The 
Metabolic Basis of Inherited Disease (7 th ed. 1995)). 

The present methods couple highly phosphorylated mannopyranosyl 
oligosaccharides containing M6P, to glycoproteins, so that cellular uptake of such 
glycopropteins is enhanced without destroying their biological activity. As such, the 
methods and compounds produced thereby are especially useful where in medical 
treatment methods that benefit from enhanced uptake forms of glycoproteins, such as in 
enzyme replacement therapy for the treatment of lysosomal storage diseases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of the conjugation methods; 

Figure 2 is a SDS-PAGE analysis of different avidins before and after 
phosphopentamannose-hydrazine conjugation; 

Figure 3 is a CI-MPR binding analysis of untreated avidin and oxidized avidin 
conjugated with phosphopentamannose-hydrazine; 

Figure 4 is a bar graph showing enzymatic activity of beta-glucuronidase after 
different treatments including after conjugation; and 

Figure 5 is a bar graph comparing CI-MPR binding of untreated and oxidized 
phosphopentamannose-conjugated beta-glucuronidase. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present methods couple highly phosphorylated mannopyranosyl 
oligosaccharides containing M6P to glycoproteins, such as, for example, avidin and 
lysosomal enzyme beta-glucuronidase, without destroying biological activity. The 
present methods thus provide a novel approach to introduce highly phosphorylated 
mannosyloligosaccharide derivatives to lysosomal enzymes and other glycoproteins. In 
exemplary embodiments, the methods and compounds described herein are useful for 
modifying lysosomal enzymes produced by recombinant protein expression system with 
M6P, thus to enhance the efficacy of enzyme replacement therapy of lysosomal storage 
diseases 

As used herein, the term "highly phosphorylated" refers to a characteristic of 
oligosaccharides that are coupled to glycoproteins or to other compounds according to 
the methods described herein, wherein the oligosaccharides contain at least one M6P 
group and, in an exemplary embodiment, two or more M6P groups. 

As used herein, the term "effective" refers to a characteristic of an amount of a 
compound produced according to the methods of the present invention, wherein the 
amount of the compound has the effect of preventing or reducing a deficiency of a 
lysosomal enzyme in a subject. The lysosomal enzyme deficiency is, for example, the 
result of a genetic mutation in a human that produces a lysosomal storage disease. 
Such diseases include, for example, Gaucher disease wherein a deficiency of beta- 
glucocerebrosidase results in the accumulation of glucosylceramide, Fabry disease 
wherein a deficiency of alpha-galactosidase A results in accumulation of 
globotriaosylceremide, Pompe disease wherein a deficiency of acid alpha-glucosidase 
results in accumulation of glycogen alpha 1-4-linked oligosaccharides, and Tay-Sachs 
disease wherein a deficiency of beta-N-acetyl-hexosaminidase leads to accumulation of 
GM2 ganglioside, and other diseases including Hurler or Hurler-Scheie disease, Krabbe 
disease, Metachromatic leukodystrophy, Hunter disease, Sanfilippo A and B disease, 

Morquip A disease, and Maroteaux-Lamy disease and other diseases (see Holton, J.B., 
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1994, The Inherited Metabolic Diseases, 2 nd Edition; Scriver et al., 1995, The 
Metabolic Basis of Inherited Disease, Volume 2, 7 th Edition, which are herein 
incorporated by reference). 

Thus, in an exemplary embodiment, a method for coupling a highly 
phosphorylated mannopyranosyl oligosaccharide compound to a glycoprotein having at 
least one glycan includes derivatizing the highly phosphorylated manopyrosanyl 
oligosaccharide compound with a chemical compound containing a carbonyl-reactive 
group; oxidizing the glycoprotein having the at least one glycan to generate at least one 
aldehyde group on the glycoprotein; and reacting the oxidized glycoprotein with the 
derivatized highly phosphorylated mannopyranosyl oligosaccharide compound to form a 
new compound having a hydrazone bond. Oxidizing the glycoprotein having the at least 
one glycan is accomplished using, for example, periodate or galactose oxidase. 

The glycoprotein having the at least one glycan is, for example, a glycoprotein 
such as a lysosomal enzyme. The glycoprotein can be derived from a variety of 
sources. In the case of lysosomal enzymes, natural sources include human placenta 
and other animal tissues. Alternatively, lysosomal enzymes that are especially useful 
for modification according to the present methods are produced by recombinant protein 
expression systems, including yeast, mammalian cells, insect cells, plant cells and 
transgenic animals or plants. 

The chemical compound containing the carbonyl-reactive group is any compound 
that reacts with carbonyl groups to form a hydrazone bond. Suitable such compounds 
include, for example, hydrazine, hydrazide, aminooxyl, and semicarbozide and the like. 

In one embodiment, the highly phosphorylated mannopyranosyl oligosaccharide 
compound contains at least one mannose 6-phosphate group, such as an 
oligosaccharide of the formula 6-P-M n -R wherein: 

M is a mannose or mannopyranosyl group; 

P is a phosphate group linked to the C-6 position of M; 

R comprises a chemical group containing at least one carbonyl-reactive group; 

and 
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n is an integer from 1-15, wherein if n>1, M n are linked to one another by alpha 
(1,2), alpha (1,3), alpha (1,4), or alpha (1,6). Thus, the highly phosphorylated 
mannopyranosyl oligosaccharide compound includes compounds such as M6P, 
phosphopentamannose derived from Hansenula holstii O-phosphomannan, and 6-P-M- 
(alpha 1,2)-M(alpha 1,2)-M. 

In an exemplary embodiment, the oligosaccharides are those bianternary and 
trianternary oligosaccharides that have the formula of (6-P-M x ) m L n -R wherein: 

M is a mannose or mannopyranosyl group; 

L is a mannose or other hexose or other chemical groups; 

P is a phosphate group linked to the C-6 position of M; 

R comprises a chemical group containing at least one carbonyl-reactive group; 

m is an integer from 2-3; 

n is an integer from 1-15, wherein if n>1, M n are linked to one another by alpha 
(1,2), alpha (1,3), alpha (1,4), or alpha (1,6); and 
x is an integer from 1-15. 

Thus, the highly phosphorylated mannopyranosyl oligosaccharide compound 
includes biantennary mannopyranosyl oligosaccharide compounds containing bis-M6P 
and triantennary mannopyranosyl oligosaccharide compounds containing bis-M6P or tri- 
M6P. An exemplary such compound is 

6-P-M(alpha 1 ,2)-M(alpha 1,3)- 

M 

6-P-M(alpha 1 ,2)-M(alpha 1,6)- 

which has about 100 times higher affinity to the MPRs than the 
phosphopentamannose and M6P, and about 10 times higher affinity to the MPRs than 
the bi- or tri-oligosaccharides bearing a terminal M6P (Distler et al. 1991). 

Alternatively, the highly phosphorylated mannopyranosyl oligosaccharide 
compound can be replaced with oligosaccharides containing terminal hexoses, such as 
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a galactose, a mannose, N-acetylglucosamine, or a fucose, which can bind to different 
carbohydrate-binding receptors other than CI-MPR. 

In addition, the methods include the further step of reducing a compound having 
a hydrazone bond with a reducing agent to form a compound having an imine bond, 
which is more stable than the hydrazone bond. The reducing agent is, for example, a 
cyanoborohydride compound. 

Figure 1 is a schematic representation of the conjugation methods. In a first 
step, the reducing terminal sugar of oligosacharides is derivatized to glycosyl hydrazine 
(as shown) or other carbonyl-reactive groups (such as hydrazide, semicarbozide, 
aminooxyl, etc.). Such oligosaccharides must have one or more phosphate groups 
attached to the C 6' position(s) on mannopyranosyl groups (M6P). The oligosaccharide 
derivatives then react with the carbonyl (aldehyde) groups generated in the oxidized 
carbohydrates on glycoproteins to form covalent bond conjugates. The glycoproteins 
are oxidized according to one of at least three possible methods. By a first method, 
sialic acids on glycans are oxidized with a low concentration of sodium periodate (less 
than or equal to 10mM) to generate the required carbonyl groups. A second method is 
suitable when terminal galactoses exist on the glycans, in which enzymatic oxidation is 
used. More specifically, galactose oxidase is used to oxidize the C 6' hydroxyl group on 
the galactose groups. This second oxidation method should not inactivate the 
glycoprotein. In an alternative embodiment of the second oxidation method, sialic acid 
groups on glycoprotein carbohydrates are removed using neuraminidase to expose the 
terminal galactoses, and then galactose oxidase is used to oxidize the terminal exposed 
galactoses as described for the first embodiment of the second oxidation method. By a 
third oxidation method, the hexoses on the glycans are oxidized with relatively high 
concentrations of sodium periodate, i.e. with sodium periodate having a concentration of 
greater than about 10 mM and less than about 500 mM, to open the vicinal hydroxyl 
groups of the sugar ring. This third oxidation method is potentially harmful to certain 
glycoproteins that are sensitive to oxidation. To protect the glycoproteins from oxidation 
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of amino acids, reductive agents such as beta-mecaptoenthanol or cysteine or others 
are added to the oxidation reaction 

In the examples infra, a natural phosphorylated oligosaccharide, the 
phosphopentamannose derived by mild acid hydrolysis of O-phosphomannan extracted 
from yeast Hansenula holstii NRRL Y-2448, was used. This compound has a structure 
of 6-P-M(alpha 1 ,3)-M(alpha 1,3)-M(alpha 1 ,3)-M(alpha 1,2)-M (M.E. Slodki, 57 
Biochimica et Biophysica Acta 525 (1962); R.K. Bretthauer et al., 12(7) Biochemistry 
1251 (1973); L.A. Parolis et al., 309 Carbohydr. Res. 77 (1998)). Since the terminal 
mannosyl in phosphopentamannose is linked to the penultimate mannosyl group via 
alpha 1 ,3 linkage, this compound exhibits about 6 fold less affinity towards the MPRs 
than the alpha 1,2 linked mannosyl oligosaccharides (J. Distler et al., 32(15) J. Biol. 
Chem. 21687 (1991)). Preferred oligosaccharides for therapeutic purposes will be those 
having the terminal and penultimate mannosyl groups linked via an alpha 1 ,2 linkage. A 
trisaccharide bearing a terminal M6P is better than a bisaccharide bearing terminal 
M6P, and a bisaccharide bearing terminal M6P is better than M6P alone (J. Distler et 
al., 32(15) J. Biol. Chem. 21687 (1991); H. Tomoda et al., 213 Carbohydr. Res. 37 
(1991)). 

While the examples are done with the natural product of phosphopentamannose 
derivatized with hydrazine, it will be clear to one skilled in the art that various changes in 
form and detail can be made without departing from the true scope of the invention. For 
example, the oligosaccharide compounds useful in the present invention include any 
oligosaccharides that can be synthesized and derivatized with any chemical group, such 
as hydrazine, hydrazides, semicarbozide, aminooxyl (L.A. Vilaseca et al., 4(6) 
Bioconjug. Chem. 515 (1993)) groups, etc., that can react with carbonyl groups. Total 
synthesis of various mannopyranosyl oligosaccharides containing M6P has been 
reported (O.P. Srivastava and O. Hindsgaul, 155 Carbohydr. Res. 57 (1986); O.P. 
Srivastava and O. Hindsgaul, 52 J. Org. Chem. 2869 (1987); O.P. Srivastava and O. 
Hindsgaul, 161 Carbohydr. Res. 195 (1987)). 
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In addition, numerous biologically active materials are subject to modification 
according to the present methods to form novel compounds and compositions. 
Bioactive materials that are modified by the present methods include glycoproteins, 
especially lysosomal enzymes isolated from natural sources or produced by 
recombinant technologies. However, other bioactive materials that are modified by the 
present methods include antiviral drugs and gene-targeting materials. After modification 
according to the present methods, the bioactive materials are taken up by target cells 
through receptor-mediated endocytic pathways. The modified materials do not lose their 
biological activity, and the covalent bonds are stable at neutral pH between 6.5-7.5 for 
at least few months in solution at 4 C (degrees centigrade), or indefinitely if lyophilized 
(J. Singh Kralovec et al., 29 Cancer Immunol. Immunother. 293 (1989)). Once inside 
the cells, however, the covalent bonds in conjugated materials are cleaved into 
component oligosaccharide derivatives and the biologically active materials by the low 
pH in the cellular endosomes and lysosomes (pH < 5.5) within a relatively short period 
of time (G.R. Braslawsky et al., 33 Cancer Immunol. Immunother. 367 (1991)). 

In another embodiment of this invention, other sugar residues that have cognate 
carbohydrate-binding receptor are modified according to the present methods, and 
oligosaccharide chains on a glycoprotein can be extended. For example, mildly oxidized 
sialic acid can be extended with mannose or galactose to target the mannose receptor 
or asialoglycoprotein receptor to achieve tissue or cell-specific targeting. 

In another application of this invention, anti-viral drugs are modified with M6P to 
enhance their therapeutic efficacy. During viral infection, viral entry also occurs through 
receptor-mediated endocytosis. Once in the endosome, the low pH induces fusion of 
viral membrane with the endosome membrane and releases the viral content to the 
cytosol to start the replication cycle. Current anti-viral drugs are mostly lipophilic so 
they can pass through the cell membrane and reach cytosol to be effective; therefore 
they are general and not cellular compartment specific. M6P modification according to 
the present methods is especially suitable for developing hydrophilic, cellular 
compartment-specific anti-viral drugs. Anti-viral drugs with M6P are taken up by the 
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cells through M PR-mediated endocytosis to concentrate in endosomes where virus 
entry occurs, thus subjecting early stage viral infection to attack by the antiviral 
compound before viral replication, resulting in improved therapeutic value. A similar 
approach of involving coupling of AZT to mannosylated BSA, which can be taken up by 
the mannose-receptor, has been shown to have higher anti-viral activity than the AZT 
parental drug (G. Molema et al., 34(3) J. Medicinal Chem. 1 137 (1991)). 

In another embodiment of this invention, the methods are used to modify 
oligonucleotides useful in gene therapy targeted to correct point mutation in genes. 
More specifically, the methods are used to modify RNA-DNA chimeric oligonucleotides 
that are used to repair one or two base pair alterations in the genome of mammalian 
cells (E.B. Kmiec, 17 Adv. Drug Delivery Reviews 333 (1995); K. Yoon et al., 93 Proc. 
Natl. Acad. Sci. 2071 (1996)). Such a strategy has been used, for example, to correct 
the mutation responsible for sickle cell anemia in vitro (A. Cole-Strauss et al., 273 
Science 1386 (1996)), to mutate the rat factor IX gene and UGT in rat liver in vivo (B.T. 
Kren et al., 4 Nature Medicine 285 (1998); B.T. Kren et al., 96(18) Proc. Natl. Acad. 
Sci. 10349 (1999); P. Bandyopadhyay et al., 274 J. Biol. Chem. 10163 (2000)) and to 
correct dystrophin in mdx mouse muscle (T.A. Rando et al., 97(10) Proc Natl. Acad. 
Sci. 5363 (2000)). A critical step for success with this strategy is to deliver the 
oligonucleotides to target cells with high efficiency. The percentage of gene conversion 
correlates with the efficiency of oligonucleotide delivery, which is enhanced by 
modifying polycations or lipsosome with lactose for the asiologlycoprotein receptor on 
liver hepatocytes (Kren et al. 1998, supra; Kren et al. 1999; supra; Bandyopadhyay et 
al., supra). In contrast, for the mdx mouse dystrophin, only the muscle near the injection 
site is converted (Rando et al., supra), presumbly because only cells nearby the 
injection site take up the injected oliogonucleotides. Thus, an efficient and general 
delivery approach of the oligonucleotides for a variety of target cells in vivo is especially 
useful for expanding the application of such gene therapies. Accordingly, the methods 
described herein permit M6P modification to provide improved delivery of 
oligonucleotides to target cells by enhancing MPR-mediated uptake. MPRs are present 
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on a wide variety of cells in vivo and MPR-mediated endocytic process is as efficient an 
uptake process as the asialoglycoprotein receptor-mediated endocytosis on 
hepatocytes in liver. PEI/liposome delivery systems employed for the aforementioned 
oligonucleotides, or the oligonucleotides can be easily modified with M6P or M6P 
oligosaccharide derivatives, thus to expand the target cell types in vivo for gene- 
targeted therapy. 

Example 1 . Synthesis of phosphopentamannose-hvdrazine derivatives: 

Phosphopentamannose was prepared from phosphomanan obtained from Dr. M. 
E. Slodki, Northern Regional Research Laboratory, US department of agriculture, 
Peoria, IL. phosphopentamannose was prepared essentially as described by M. E. 
Slodki (1962) and has the following structure: 6-P-M(alpha 1 ,3)-M(alpha 1 ,3)-M(alpha 
1,3)-M(alpha 1,2)-M. 

100 mg of lyophilized powder of phosphopentamannose was added into a glass 
tube, to which 3 ml of anhydrous hydrazine was added. The tube was filled with 
nitrogen gas, capped with a tight fitting cap, and wrapped with parafilm. The reaction 
was proceeded at room temperature for 6-18 hours, after which the hydrazine was 
evaporated under vacuum while the hydrazine was absorbed through a bottle of sulfuric 
acid. 2 milliliters of toluene was added and removed by a stream of nitrogen gas to get 
rid of the residual hydrazine (Tolvanen and Gahmberg, 1986, supra; Gahmberg and 
Tolvanen, 1994, supra). Phosphopentamannosyl-hydrazine (PPMH) was dissolved in 2 
ml of water and dialyzed against 4 liters of 10 mM phosphate buffer (pH 7.0) overnight 
at 4 degree centigrade, after which the sample was collected and lyophilized. 

Example 2. Coupling of phosphopentamannose-hvdrazine to avidin: 
Oxidation of avidin: 

1 ml of 2.5 mg/ml of avidin (obtained from Sigma or Pierce) were oxidized with 10 
mM sodium periodate in 100 mM sodium acetate (pH 5.6) for 30 minutes at 4 degree 
centigrade in the dark. After which 25 microliters of glycerol were added and the sample 
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was incubated on ice for 15 minutes to consume the excess sodium periodate. Samples 
were then dialyzed overnight against 100 mM sodium acetate (pH 5.6) at 4 degree 
centigrade. 0.5 ml of 2.5 mg/ml avidin without periodate oxidation were processed the 
same way as untreated control. Samples after dialysis were collected and stored at 4 or 
-20 degree centigrade until use. 

Coupling of phosphopentamannose-hydrazine to oxidized avidin: 
200 microliters of untreated or oxidized avidin (2.5 mg/ml) were mixed with 1 mg 
of phosphopentamannose-hydrazine dissolved in 20 microliters of 100 mM sodium 
acetate buffer (pH 5.6) and incubated at 37 degree centigrade for 1 hour. The samples 
were dialyzed against 2 liters of CI-MPR binding buffer (50 mM imidazole, 150 mM 
NaCI, 1 mM EDTA, 0.5 mM MgCI 2 , 1 mM beta-glycerol phosphate, 0.025% Triton X-100, 
pH 7.0) overnight at 4 degree centigrade. Samples were collected after dialysis. 10 
microliters of untreated avidin/conjugated, oxidized avidin control without conjugation, 
oxidized avidin/conjugated samples were boiled in SDS sample buffer and separated on 
12% SDS-gel to see if there is any mobility shift. 50 microliters of the samples are 
subjected to the CI-MPR binding test. The remaining samples are stored at -20 C until 
use. 

Figure 2 is a SDS-PAGE analysis of different avidins before and after 
phosphopentamannose-hydrazine conjugation. Lane 1 shows the results for untreated 
avidin with conjugation. Lane 2 shows the results for oxidized avidin without 
conjugation. Lane 3 shows the results for oxidized avidin with phosphopentamannose 
conjugation. Only Lane 3 shows some avidin retrardation in migration, indicating 
conjugation has occurred. As shown in Figure 2, there is a clear shift of molecular 
weight in the oxidized avidin/conjugated sample compare to the untreated 
avidin/conjugated or oxidized avidin without conjugation controls, indicating that the 
oxidized avidins are coupled to phosphopentamannose-hydrazine. The molecular 
weight shift is about 1-4 kDa, suggesting 1-4 phosphopentamannose were coupled to 
one monomer of avidin. 
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Binding of unconjugated avidin and conjugated avidin to CI-MPR column: 
100 micrograms of untreated avidin/conjugated (unconjugated) and oxidized 
avidin/conjugated in 0.5 milliliter CI-MPR binding buffer were passed through a CI-MPR 
column 5 times, the final passage was collected as flow-through. The column was 
washed with 8 volumes of binding buffer, an aliquot of the final wash was collected, and 
finally the bound avidin were eluted with 0.5 milliliter of 5 mM M6P in binding buffer. 20 
microliters of the flow through, the final wash and the eluted samples were separated on 
SDS-gel as described for Figure 2. 

Figure 3 is a CI-MPR binding analysis of untreated avidin and oxidized avidin 
conjugated with phosphopentamannose-hydrazine. As is shown in Figure 3, none of 
the untreated/conjugated avidin binds to the CI-MPR column, whereas all the oxidized 
avidin/conjugated binds to the CI-MPR column, indicating the efficiency of coupling of 
phosphopentamannose-hydrazine to oxidized avidin is nearly 100%. The oxidized 
avidin/unconjugated sample, as the untreated avidin, also does not bind to CI-MPR 
column (data not shown), indicating the coupling procedure is specific. 

Example 3: Conjugation of phosphopentamannose-hydrazine to beta-qlucuronidase: 

One major concern about the conjugation is that lysosomal enzymes conjugated 
in such a way must retain enzymatic activity, preferably full activity. While the avidin 
conjugation result clearly has shown that the coupling process is highly efficient, 
whether the coupling process affect its biological activity is unknown, in particular, avidin 
is a stable protein, not an enzyme. Therefore in the following example, lysosomal 
enzyme beta-glucuronidase isolated from bovine liver (50,000 U/mg, not completely 
pure, purchased from Sigma) was used. 

Oxidation and coupling processes do not inactivate beta-glucuronidase: 

6 mg of beta-glucuronidase were dissolved in 1.5 ml of water, 1.3 ml of the 
material (4 mg/ml) were dialyzed against 100 mM NaAc (pH 5.6) overnight at 4 degree 
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centigrade. 200 microliters of the rest sample were kept at 4 degree centigrade as 
water-control. 

Oxidation: 

Of the sodium acetate dialyzed beta-glucuronidase, 0.5 ml were kept as 
untreated-dialyzed material, 0.8 ml were oxidized with 10 mM sodium periodate at 4 
degree centigrade for 30 minutes. After which 20 microliters glycerol were added and 
the sample mixed on ice for 10 minutes to decompose all the excess sodium periodate, 
then the oxidized material was dialyzed against 1 liter 100 mM sodium acetate 
overnight. 0.4 ml of the sample was kept at 4 degree centigrade as oxidized-dialyzed 
control. The other 0.5-ml of sample were used for phosphopentamannose-hydrazine 
coupling. 

Coupling: 

3 mg of phosphopentamannose-hydrazine were dissolved in 25 ul of 100 mM 
NaAc (pH, 5.6) and mixed with 0.5 ml oxidized beta-glucuronidase (4 mg/ml) and 
incubated at 37 °C for 2 hours, the coupled sample was dialyzed against CI-MPR 
binding buffer overnight. 

Enzymatic activity of variously treated beta-glucuronidase: 

To 200 microliters of 100 mM p-nitrophenyl beta-glucuronide in 100 mM sodium 
acetate (pH 5.0), 15 microliters of water as negative control, 15 microliters of beta- 
glucuronidase dissolved in water, 15 microliters of sodium acetate dialyzed-untreated 
beta-glucuronidase, 15 microliters of oxidized-dialyzed beta-glucuronidase and 15 
microliters of oxidized beta-glucuronidase+phosphopentamannose-hydrazine were 
added. After incubation at 37 C for 1 hr, 200 microliters of 200 mM glycine (pH 10.4) 
were added. OD of each sample was measured at 400 nm. 
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Results: 

Samples OD400nm 



1 5 microliters water; 0 00 

1 5 microliters of beta-glucuronidase dissolved in water; 1 .40 

1 5 microliters of Untreated NaAc dialyzed beta-glucuronidase; 1 .37 

1 5 microliters of oxidized beta-glucuronidase NaAc-dialyzed ; 1 .43 

1 5 microliters of beta-glucuronidase oxidized+phosphopentamannose; 1 .44 



Figure 4 is a bar graph showing enzymatic activity of beta-glucuronidase after 
5 different treatments including after conjugation. 1 is H 2 0 control; 2, beta-glucuronidase 
^ dissolved in H 2 0; 3, beta-glucuronidase dialyzed against NaAc (pH 5.6); 4, oxidized 
beta-glucuronidase dialyzed against NaAc, and 5, oxidized beta-glucuronidase 
conjugated with phospho-pentamannose-hydrazine. The results represent an average 
of three experiments and indicate nearly equal beta-glucuronidase activity in all 
samples. Thus, the overall procedure did not appear to inactivate the beta- 
glucuronidase. This result is expected because the coupling procedure does not 
3 involve the protein backbone, and thus should not affect the overall protein 
conformation. 



CI-MPR binding and beta-glucuronidase assay: 

100 microliters of untreated beta-glucuronidase (CI-MPR binding buffer dialyzed) 
and 100 microliters of oxidized beta-glucuronidase+phosphopentamannose-hydrazine 
conjugated (CI-MPR binding buffer dialyzed) were mixed with 400 microliters of CI-MPR 
binding buffer (pH 7.0). 50 microliters of each sample were saved as starting material 
for late beta-glucuronidase assay. 

450 microliters of each sample were passed over a 2 ml CI-MPR column (pre- 
equlibrated with CI-MPR binding buffer) 5 times. The flow-through of each sample was 
saved. The column was washed with 8 volumes of CI-MPR binding buffer, the last 0.5 
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ml was saved as final wash. Finally, the column was eluted with 5 mM M6P in CI-MPR 
binding buffer by passing over the column 4 times, the eluates were collected as MSP 
elutions. Therefore each sample has 3 fractions plus the starting material controls. 

Beta-glucuronidase assay: 

To 200 microliters of 100 mM p-nitrophenyl glucuronide in 100 mM sodium 
acetate buffer (pH 5.0), 

30 microliters of water, 

30 microliters of untreated beta-glucuronidase column starting material, 
30 microliters of untreated beta-glucuronidase flow-through, 

V 

30 microliters of untreated beta-glucuronidase wash, 
30 microliters of untreated beta-glucuronidase M6P elution, 
30 microliters of oxidized beta-glucuronidase+PPMH (imidazole) column starting 
material, 

30 microliters of untreated beta-glucuronidase+PPMH flow-through, 
30 microliters of untreated beta-glucuronidase+PPMH wash, 
30 microliters of untreated beta-glucuronidase+PPMH M6P elution, 
were added, the samples were incubated at 37 C for 1 hour. 200 microliters of 200 mM 
glycine (pH 10.4) were added to each sample to stop the reaction and OD400 nm was 
measured. 

Results: 

Samples OD400nm: 

30 microliters water; 0.00 

30 microliters of untreated beta-glucuronidase column starting mateial; 1 .43 

30 microliters of untreated beta-glucuronidase flow through; 1 .36 

30 microliters of untreated beta-glucuronidase wash; 0.00 

30 microliters of untreated beta-glucuronidase M6P elution; 0.00 
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30 microliters of oxidized beta-glucuronidase+PPMH column starting material; 

1.41 

30 microliters of untreated beta-glucuronidase+PPMH flow through; 0.27 
30 microliters of untreated beta-glucuronidase+PPMH wash; 0.00 
30 microliters of untreated beta-glucuronidase+PPMH M6P elution; 0.06 

Figure 5 is a bar graph comparing the CI-MPR binding results for untreated and 
oxidized phosphopentamannose-conjugated beta-glucuronidase. For the untreated 
material, nearly 100% of the starting activity was in the flow through, nothing was in the 
final 0.5 ml wash and M6P elution fractions. However, for the oxidized beta- 
glucuronidase+phosphopentamannose-hydrazine sample, only 19% of the starting 
activity was in the flow through, nothing in the final 0.5 ml wash and -5% was in the 
M6P elution fraction. 

For the untreated sample, the total beta-glucuronidase activities in the starting 
material and in the flow-through are about equal so there is no clear loss of sample 
during the column binding. However, for the oxidized/conjugated beta-glucuronidase 
sample, the total activity of the flow-through and the M6P elution does not add up to the 
total activity of the starting material. This is not due to the loss of enzymatic activity by 
oxidation (Figure 4), but due to the fact that the oxidized beta-glucuronidase conjugated 
to phosphopentamannose has relatively low binding affinity to CI-MPR (J. Distler et al., 
supra), especially when one oxidized glycan was conjugated to only one 
phosphopentamannose-hydrazine due to steric hindrance of the vicinal aldehyde 
groups. The binding of oligomannosyl phosphate substrates to CI-MPR column has 
been well characterized (P.Y. Tong et al., 264(14) J. Biol. Chem. 1962 (1989); J. Distler 
et al., supra). The monophosphate form of oligomannosyl substrate binds to CI-MPR 
column with low-affinity compare to the bisphosphorylated substrate, with large portion 
of the monophosphate substrate being eluted during the washing step and the rest 
eluted with M6P, whereas the bisphosphorylated substrate can only be eluted with M6P 
(P.Y. Tong et al., supra). Therefore, the most likely possibility is that the oxidized beta- 
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glucuronidase conjugated with phosphopentamannose-hydrazine may just behave like 
the substrate with only one monophosphate and being lost in the first few volumes of 
washing buffer. 

All primary references cited herein are hereby incorporated by reference in their 
entirety, together with the references contained therein. 

The explanations and illustrations presented herein are intended to acquaint 
others skilled in the art with the invention, its principles, and its practical application. 
Those skilled in the art may adapt and apply the invention in its numerous forms, as 
may be best suited to the requirements of a particular use. Accordingly, the specific 
embodiments of the present invention as set forth are not intended as being exhaustive 
or limiting of the invention. 
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